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Fabricated by Deep-Reactive Ion Etching
Takashi Abe, Member, IEEE, Vu Ngoc Hung, and
Masayoshi Esashi, Member, IEEE
Abstract In this letter, we present experimental data
showing Q change versus thickness for a quartz-crystal res-
onator fabricated with deep-reactive ion etching. Measure-
ments show that Q increases as etch depth increases, and
further that Q can be optimized as a function of etch depth
and diameter of the resonator.
I. Introduction
Quartz-crystal microbalance (QCM) sensors havebeen used for thin film deposition control, based on
the fact that the decrease in resonant frequency of a thick,
shear, vibrating quartz resonator decreases in proportion
to the added mass of any deposited film [1]. The QCM
coated with a sensing membrane is a sensitive and accu-
rate device, and it is used in gas-phase detection [2], im-
munosensing [3], and deoxyribonucleic acid (DNA) sensing
[4]. Generally, a conventional QCM consists of a circular-
shaped quartz crystal of diameter larger than 1 mm with
electrodes deposited on either sides of it. When the quartz
crystal resonator (QCR) is used as a QCM, the electrodes
should be placed so as to minimize any interaction with
boundaries. When the ratio of distance between electrode
and boundary to thickness is less than 15, Q is degraded
[5]. This degradation is because the energy trapping is
not perfect. Thus, there are limitations in using a QCR
as a QCM. One way of improving the energy trapping
is by changing the wafer thickness. Based on this idea,
multichannel QCM has been experimentally and theoreti-
cally studied by many research groups [6]–[12]. An AT-cut
quartz resonator with “inverted mesa” or “biconvex” is ac-
cepted as the solution to minimizing boundary interaction.
High-frequency AT-cut quartz resonators with the inverted
mesa structure have been studied by several groups [7]–
[10]. Most of the inverted mesa-type resonators for sensor
applications have been fabricated by wet chemical etching
[8], [12]. It is well-known that the cross section of etched
quartz crystals depends on the crystal orientation.
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Therefore, this etching technology is not suitable for
fabricating small, and circularly shaped QCMs.
II. Methods
Recently, high-speed directional etching of silicon was
performed by a reactive ion etching that used an induc-
tively coupled plasma (ICP). Using the ICP source and
a strong permanent magnet to stabilize the plasma, we
previously carried out deep-reactive ion etching (DRIE)
of quartz, silica, and other glasses [6], [9], [10]. Using the
DRIE technology, we can experimentally study the res-
onant characteristics of the small and circularly shaped
inverted mesa-type QCM. In a previous paper [10], we re-
ported that the Q-factor of the inverted mesa-type QCM
increased exponentially as the thickness was decreased.
However, we did not achieve an optimized resonator for
the etched depth and diameter of the resonator because
the deep etching of the quartz-crystal has some problems
such as masking materials and surface smoothness. Re-
cent progress in DRIE technology has solved these prob-
lems [14].
The surface roughness of the QCM after 80- µ m-deep
etching was about 2 nm. For evaluating supporting loss,
the vertical and uniform cross-sectional shape is necessary.
The DRIE technology provides us the vertically etched
shape shown in Fig. 1.
In this letter, we report on the change in Q-factor with
etched depth. To fabricate micro-QCM sensors, we chose
AT-cut, quartz-crystal plates with both sides polished. To
make quartz resonators of different thickness, we adopted
the DRIE technology. The DRIE offers the advantage of
good anisotropic etching. In this process, SF6 and Xe (or
Ar) gases have been used as the etching gas. The process
pressure was maintained at 2.0 mTorr. The RF power was
130 W with a self-bias of −390 V. The cathode temper-
ature was maintained at 20◦C with a circulating coolant.
The etching rate of quartz was found to be 0.2 µ m/minute.
The minimum average surface roughness was about 2 nm
for etching with SF6/Xe (=1/1) gases [14]. To remove the
reaction products on the surface, the etched quartz surface
was cleaned with a dilute HF solution (DHF 1%) for 5 min-
utes. After the cleaning process, platinum/titanium elec-
trodes (100 nm/40 nm) were deposited on the resonator
using an electron beam evaporation technique and lift-off
process. It should be noted that the electrodes should be
placed far from the edge in order to get the highest Q fac-
tor. However, deposition on the whole area of the etched
piece is more practical because it is an easier deposition.
The details of the procedure we followed are given in [10].
Fig. 1(a) shows an example of the deeply etched quartz
resonator fabricated by wet chemical etching, and Fig. 1(b)
shows the resonator fabricated using DRIE.
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Fig. 1. Examples of cross section and top view of micro-quartz-crystal
resonator. (a) Wet chemical etching, (b) DRIE.
Fig. 2. Q-factors versus etched depth for various size resonators. The
relationship between resonant frequency (f) and thickness (t) can be
calculated from the following formula, ft = 1.67 MHz mm.
III. Conclusions
The resonant characteristics of the fabricated, ultra-
thin QCM sensor were measured using a Hewlett Packard
Impedance/Gain-Phase Analyzer (HP 4194A, Hewlett-
Packard, Palo Alto, CA). The resonant frequencies of
QCM in air were evaluated using the conductance (ad-
mittance magnitude) peak. All measurements were carried
out at room temperature. The resonance characteristics for
the quartz resonators were investigated for different thick-
ness and/or diameters because the Q-factor can serve as
a measure of the energy loss for the quartz resonators.
Fig. 2 shows Q-factor of miniaturized quartz resonators as
a function of resonant frequency. The Q-factor of the fab-
ricated QCM increases from 2,000 to 10,000 with a reduc-
tion in the thickness of the quartz resonator. This can be
explained by the decrease of supporting loss. As the thick-
ness gets smaller, the rapid increase in Q factor changes
to a gradual increase. One of the reasons is that energy
trapping improves as the thickness decreases.
We found the optimum etch depth for different diame-
ters of resonator. For the quartz resonator with thickness
of about 17.8 µm, corresponding to the fundamental res-
onant frequency of 94 MHz, the Q factor reaches a value
of about 30,000. It is known that maximum Q times the
frequency is a constant, e.g., 16 million for AT-cut res-
onators, when frequency is in megahertz [15]. The value
we obtained is 2.8 million, about six times smaller. This is
attributed to loses from an uneven quartz surface, impu-
rities, the electrodes, and position of the electrodes. The
point of this work is that we experimentally determined
the relative change in Q factor as a function of etch depth.
The data shown here are interesting in relation to mechan-
ical science and provide practical information for designing
QCM sensors.
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